First, we present experimental evidence that Bi-Sr-Ca-Cu-O 
I. INTRODUCTION
The first speculations about the two-dimensional (2D) nature of superconductivity in cuprates may be as old as the high-T superconductors themselves. More refined theoretical arguments have been offered since2, but nevertheless the question about the effective dimensionality of the normal and the superconducting states in cuprates is still vividly debated.
The first clear indication that the normal state may be 2D is obtained from polarized reflectance spectroscopy 3a on single crystals of Bi2Sr2CaCu208. As seen from Figure 1 , the reflectance is metallic-like for the in-plane polarization, and distinctly insulator-like for the out-of-plane field orientation.
Optical spectroscopy also provides some indication that the superconducting state may be 2D as well. Namely, it enables one to accurately monitor the carrier density in oxide metals, and this technique has been applied 3b to La.8Sr0.1CuO4, YBa2Cu307, Bi2Sr2CaCu208, and TI2Ba2Ca2Cu3OI0. Tc is found not to scale with the volume carrier density N, but rather with the molecular-layer density n (i.e., the number of mobile charge carriers, per unit area, in one molecular layer), as shown in Figure 2 . The key technological problem here is to ensure that the superconductor remains undeteriorated in the vicinity of the barrier. What constitutes 'vicinity' turns out to depend on the material, i.e., on its superconducting coherence length, which in low-T superconductors is of the order of 10-100 nm. In the case of a high-T superconductor such as Bi2Sr2CaCu208, the coherence length is much shorter, in particular in the c-axis direction (i.e., perpendicular to CuO2 planes). Actually, we have already seen that in this material the superconducting slabs are more or less independent, so it will largely be the last molecular monolayer, the one closest to the barrier, that has to ensure that the order parameter is conveyed across the junction. From the materials science point of view, it means that crystalline perfection has to be maintained on an atomic scale, in particular near the barrier. Furthermore, the barrier must be made very thin--comparable, perhaps, to one molecular layer of the superconductor--and structurally as perfect itself. Indeed, this is not an easy task; one has to deposit an insulating layer, merely 2-3 nm thick, without any pinholes over large, macroscopic areas.
In Fig. 5 Fig. 5a ; the area of the active mesa is 30/zm x 30/zm. The junction shows near ideal I-V characteristic, as displayed in Fig. 5b . This The simplest such device is schematically represented in Fig. 6 . This is a threeterminal device, quite similar to a field-effect transistor, in which one is using the electric field to modulate the carrier concentration within the high-Tc layer. Here we actually benefit from the fact that layered cuprates such as Bi2Sr.CaCu_O8 are bad conductors in the c-axis direction, so that the screening length is long and the electric field parallel to that axis can penetrate deeply. Besides, for superconductivity at a high temperature (say, at 77 K), we may need no more one or two molecular layers of Bi:Sr2CaCuO8, provided one can grow such layers with enough perfection to ensure good connectivity over macroscopic area, and without deterioration of the material's properties. We have seen above that this has been accomplished already. Finally, the carrier density is much lower in cuprates than in the conventional, low-Tc superconductors. It is the fortunate coincidence of these unusual propertiesin addition to the potential for operation at liquid nitrogen temperaturethat has greatly revived interest in field-effect superconducting devices7, which were actually proposed long ago.
In the device shown in Fig. 6 
